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(57) ABSTRACT 

To eliminate in?uence of cross-talk in an on-demand multi 
noZZle ink jet head, drive pulses to be applied to piezoelec 
tric elements for driving noZZles aligned in a roW are 
individually adjusted so that the noZZles eject ink droplets at 
the same speed When the noZZles are driven simultaneously. 
To the piezoelectric elements Which are deactuated during 
printing, a dummy drive pulse having a voltage level in a 
range from 50 to 75% of a minimum voltage for ejecting an 
ink droplet is applied, Whereby the ejection speed achieved 
When individual noZZles are driven approaches the ejection 
speed achieved When all noZZles are driven simultaneously. 
As such, the print quality is improved. 

20 Claims, 5 Drawing Sheets 
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DRIVE VOLTAGE ADJUSTING METHOD 
FOR AN ON-DEMAND MULTI-NOZZLE INK 

JET HEAD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a drive voltage adjusting 
method for an office-use or industrial-use ink jet printer With 
piezoelectric elements for ejecting ink on demand. 

2. Description of the Related Art 
There are thermal and pieZoelectric type on-demand ink 

jet heads. Thermal type ink jet heads use heaters to boil a 
portion of ink ?lling the head, to generate a bubble. Ink is 
ejected by force of the expanding bubble. Piezoelectric type 
ink jet heads include a pieZoelectric element that deforms a 
portion of an ink chamber Wall, in order to apply pressure to 
ink in the chamber and eject an ink droplet. 

Thermal type heads are advantageous because they can be 
formed using lithography to a ?ne noZZle pitch of 100 pm or 
less. HoWever, thermal type heads can only be driven at an 
ejection frequency of about 10 to 12 kHZ during consecutive 
ejection. Also, only ink With a boiling point of about 100° C. 
can be used as the ink to be ejected, Which hinders broad use 
of thermal type heads in industry. In addition, thermal type 
heads uses a thin-?lm resistor With a protective layer depos 
ited thereon to generate heat. Generally, because the thin 
?lm resistor and/or the protective layer is corroded before 
ejecting one hundred millions dots, replacement of the head 
needs to be performed at a short interval. 

With regard to pieZoelectric type heads, pieZoeleotric 
elements deform only in small amounts, so the diaphragm in 
the ink chamber must have a large surface area to produce 
sufficient deformation for ink ejection. As a result, the noZZle 
pitch of pieZoelectric type heads can not be formed smaller 
than about 140 pm at the present technology. HoWever, 
pieZoelectric type heads are Well suited for high speed 
printing. That is, the drive frequency depends on the shape 
of the pieZoelectric elements, so pieZoelectric elements can 
be driven at a frequency of 20 kHZ or more. Also. pieZo 
electric type heads are Well adapted for industrial use, 
because in contrast to thermal type heads, they can be used 
to eject any type of ink and service life is much longer than 
that of the thermal type. 

In a multi-noZZle ink jet printer, a head having a plurality 
of noZZles is mounted on a carriage, and the carriage is 
scanned in a horiZontal direction across a recording sheet. 
The head is driven to print While the carriage is scanned 
horiZontally across the recording sheet. Next, the recording 
sheet is transported in its lengthWise direction, that is, in a 
direction perpendicular to the horiZontal direction. Then, the 
carriage is again scanned horiZontally across the recording 
sheet. This cycle is repeated until images are printed across 
the entire recording sheet. 
When all noZZles in the noZZle roW are driven simulta 

neously and consecutively While the carriage is scanned 
across the recording sheet, then the resultant image Will 
appear as a thick strip folloWing the direction of the carriage 
scan direction. When the all noZZles in the noZZle roW are 
driven simultaneously, but only intermittently While the 
carriage is scanned across the recording sheet, the resultant 
images appear as thin lines extending perpendicular to the 
direction of the carriage scan direction. 

Multi-noZZle heads suffer from a problem called cross 
talk. Cross-talk occurs When all noZZles of a noZZle roW are 
?red simultaneously. When all noZZles are ?red 
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2 
simultaneously, in?uence from adjacent noZZles changes the 
ejection speed, usually by reducing the ejection speed com 
pared to When the noZZles are ?red individually. 

Because cross-talk changes the ejection speed of ink 
droplets, the position Where the ink droplets impinge on the 
recording sheet can also vary. This can reduce the quality of 
printed images. The adverse effects of cross-talk are par 
ticularly noticeable When all noZZles in a noZZle roW are 
intermittently driven simultaneously. FIG. 6 shoWs a line 
printed by driving all noZZles in a roW simultaneously once. 
As can be seen, the resultant line is curved, rather than 
straight. 

It can also be seen in FIG. 6 that the noZZles in the center 
of the roW are more greatly affected by cross-talk. Ink 
droplets ejected from the noZZles of the center of the roW 
impinge on the recording sheet at positions doWnWard from 
positions Where ink droplets impinge from noZZles in the 
end of the noZZle roW. This is because noZZles near the 
center of the roW are more greatly in?uenced by cross-talk 
so that ejection speed of droplets from noZZles in the center 
of the roW is more greatly reduced. In contrast, noZZles near 
the end of the roW are relatively unin?uenced by cross-talk, 
so that ink droplets ejected from the end noZZles have 
relatively small reduction in the ejection speed. Because the 
different noZZles are affected differently, the ink droplets 
impinge at positions shifted from each other on the record 
ing medium. As a result, a printed line that should be straight 
is actually curved. 
The reason for this is that the drive conditions of the 

noZZles are individually determined to achieve a desired 
ejection speed and in?uence of cross-talk is not taken into 
account When all the noZZles are driven simultaneously. 

Japanese Laid-Open Patent Publication No. HET-lO 
119260 discloses a con?guration With a compensation 
pieZoelectric member for reducing cross-talk. HoWever, this 
con?guration requires provision of the compensation pieZo 
electric member. Also, in order to eject ink properly, it is 
necessary to drive the compensation pieZoelectric member 
by applying compensation drive voltages in complete or 
substantial synchroniZation With operations for reducing and 
increasing pressure in the ink chambers. This requires addi 
tion of control circuitry for the compensation pieZoelectric 
member. As a result, cost for producing the con?guration 
increases. 

SUMMARY OF THE INVENTION 

It is a object of the present invention to provide an ink jet 
head that can be produced at a relatively loW cost by using 
only presently available drive control circuitry, and further 
that produces images With good quality Without in?uence 
from cross-talk. 

To achieve the above and other objects, the present 
invention provides a drive voltage adjusting method for an 
on-demand multi-noZZle ink jet head including a plurality of 
ink chambers ?lling ink therein, the ink chambers being 
de?ned by a noZZle plate formed With a plurality of noZZles 
in one-to-one correspondence With the plurality of ink 
chambers, and a plurality of pieZoelectric elements provided 
in one-to-one correspondence With the plurality of ink 
chambers, the pieZoelectric elements belong deformed When 
a drive pulse is applied thereto, thereby varying pressure in 
a corresponding ink chamber and ejecting an ink droplet 
from a corresponding noZZle, the method including the steps 
of: (a) applying a drive pulse to all pieZoelectric elements 
selected from the plurality of pieZoelectric elements to eject 
ink droplets from corresponding noZZles; and (b) individu 
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ally adjusting the drive pulse applied to the selected pieZo 
eleotric elements so that the corresponding noZZles eject ink 
droplets at the same speed When the corresponding noZZles 
ore driven simultaneously. 
As described, conditions for driving noZZles are deter 

mined by placing priority on driving all noZZles of a roW 
simultaneously, rather than on driving noZZles individually 
Which is the conventional method for determining drive 
conditions. According to the present invention, at least one 
of the drive voltage or the pulse Width for driving noZZles is 
adjusted given priority to print results obtained When all 
noZZles in a roW are driven simultaneously. 

According to the present invention, an ink jet head that is 
not in?uenced by cross-talk can be produced at a relatively 
loW cost Without providing any special drive control cir 
cuitry. Therefore, manufacturing costs can be suppressed 
and also images can be produced With enhanced quality. 
A dummy drive voltage may be applied to pieZoelectric 

elements Which are not driven during printing. The dummy 
drive voltage should have a voltage level in a range from 50 
to 75% of a minimum voltage for ejecting an ink droplet. 

The ink jet head is driven by the drive pulse that achieves 
a uniform ejection speed for all noZZles When all noZZles are 
driven simultaneously. When less than all noZZles of the ink 
jet head are driven in this manner, that is When single 
noZZles are driven individually, or When a feW noZZles are 
driven simultaneously, the difference betWeen ejection speed 
generated When all noZZles are ?red and ejection speed When 
individual noZZles are ?red simultaneously can be reduced 
by applying an appropriate dummy voltage to those noZZles 
that are not to have droplets ejected therefrom. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The particular features and advantages of the invention as 
Well as other objects Will become more apparent from the 
folloWing description taken in connection With the accom 
panying draWings, in Which: 

FIG. 1 is a cross-sectional vieW shoWing an ink jet head 
according to an embodiment of the present invention; 

FIG. 2 is a plan vieW shoWing distribution of noZZles in 
the noZZle plate of the ink jet head of FIG. 1; 

FIG. 3 is a cross-sectional vieW taken along a line III—III 
of FIG. 1; 

FIG. 4 is a graph shoWing different drive voltages applied 
to different noZZles of a noZZle roW to achieve a uniform 
ejection speed for all noZZles When all noZZles are driven 
simultaneously; 

FIG. 5 is a graph shoWing a relationship betWeen a 
dummy drive voltage and speed of ejected droplet according 
to the present invention; 

FIG. 6 is a schematic vieW shoWing print results obtained 
by driving all noZZles of a print head unit using a conven 
tional drive method; 

FIG. 7 is a schematic vieW shoWing print results obtained 
by driving all noZZles of a print head unit using a drive 
method according to the present invention; 

FIG. 8 is a circuit diagram for driving noZZles of a print 
head; and 

FIG. 9 is a Waveform diagram for describing the operation 
of the circuit shoWn in FIG. 8. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIGS. 1 and 3 shoW a noZZle portion of a multi-noZZle ink 
jet head according to a preferred embodiment of the present 
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4 
invention. FIG. 3 is a cross-sectional vieW taken along line 
III—III of FIG. 1. The head ejects ink according to a print 
signal to record images. The print signal is applied to signal 
input terminals 5a, 5b. 
As shoWn in FIG. 3, a plurality of pieZoelectric elements 

4 are aligned in a one-to-one correspondence With a corre 
sponding plurality of ink chambers 2. As best seen in FIG. 
1, one end of each pieZoelectric element 4 is secured to a 
head substrate 6, Which is made from an insulating material, 
such as ceramics or polyimide. The other end of each 
pieZoelectric element 4 is attached to a diaphragm 3 by a 
resilient material 9, such as silicon adhesive. The pieZoelec 
tric elements 4 are connected to external control Wires (not 
shoWn) by the signal input terminals 5a, 5b and conductive 
adhesive 17. 
The ink chambers 2 are de?ned by a chamber plate 11 and 

a noZZle plate 12, Which is formed With noZZles 1. A support 
plate 13 is provided for reinforcing the diaphragm 3. A 
restricter 7 for controlling How of ink into the ink chambers 
2 is de?ned by a restricter plate 10. The restricter 7 connects 
the ink chambers 2 With a common ink supply channel 8, 
Which is de?ned by common ink supply channel plates 14, 
15 and a common ink supply channel cover 16. A ?lter 18 
is disposed betWeen the restricter 7 and the channel 8. The 
diaphragm 3, the restricter plate 10, the chamber plate 11, 
and the support plate 13 are formed from stainless steel. The 
noZZle plate 12 is formed from nickel. 

Ink is supplied from the common ink supply channel 8 
into the ink chambers 2 through individual restricters 7 
de?ned by the restricter plate 10 and the diaphragm 3. 
A print signal in the form of a drive voltage is applied 

through the input terminals 5a, 5b to each pieZoelectric 
element 4, to selectively deform the pieZoelectric elements 
4. Each pieZoelectric element 4 used in this embodiment 
contracts When applied With a drive voltage When applica 
tion of the drive voltage is stopped, the pieZoelectric element 
4 reverts to its initial length. 

To eject an ink droplet, the drive voltage is applied to the 
pieZoelectric element 4, so that the pieZoeleotric element 4 
contracts in a direction aWay from the ink chamber 2. This 
deforms the diaphragm 3 to increase the volume of the ink 
chamber 2, thereby introducing ink into the ink chamber 2. 
When application of the drive voltage is stopped, the pieZo 
electric element 4 reverts to the elongated condition, so that 
the pressure in the ink chamber 2 increases and thus ink 
droplet is ejected. 

FIG. 2 shoWs noZZle roWs of an ink jet head according to 
the present invention. As shoWn in FIG. 2, the ink jet head 
is formed With 12 noZZle roWs, With 32 noZZles aligned in 
each roW for a total of 384 noZZles. 

Normally, When all noZZles in a roW are driven 
simultaneously, the speed of ejected ink froplets is reduced 
by cross-talk to sloWer than When noZZles are driven indi 
vidually. Conventionally, the drive voltage and/or drive 
pulse Width for each noZZle is determined by driving each 
noZZle individually. The drive voltage and/or drive pulse 
Width that drives a noZZle to eject an ink froplet at a 
particular speed is selected as the drive voltage or drive 
pulse Width on a noZZle basis. 

In contrast, according to the present invention, the drive 
voltage and/or drive pulse Width for each noZZle is deter 
mined While driving all noZZles simultaneously. As shoWn in 
FIG. 4, the drive voltage is set differently for each noZZle so 
that all noZZles eject ink droplets at the same desired speed 
When driven simultaneously. Although not shoWn in the 
draWings, the drive pulse Width could be selected in this 
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manner to achieve the same effect. The drive voltage and/or 
the drive pulse Width Will be referred to collectively as 
“drive conditions”, hereinafter. According to the present 
invention, the drive conditions are determined so that all 
noZZles eject ink droplets at the same speed When all noZZles 
are driven simultaneously. 

One method for determining the drive conditions of the 
noZZles is to use a microscope and a stroboscope to observe 
ink droplets ejected When all noZZles of a print head are 
driven simultaneously. While observing the ink droplets, 
either the drive voltage or the drive pulse Width, or both is 
adjusted for each noZZle until ink droplets from all noZZles 
are ejected at the same desired speed. 

Another method of determining the drive conditions of 
the noZZles is to drive all noZZles simultaneously once to 
print a straight line on a recording sheet. Then, the amount 
of shift betWeen the actual impinging position and a desired 
impinging position is measured for each droplet. Based on 
the amount of shift, either the drive voltage or the pulse 
Width, or both is adjusted for corresponding noZZles. 

Still another method of determining the drive conditions 
is to ?rst drive each noZZle individually, and determine the 
drive voltage and the pulse Width that is required for each 
noZZle to elect a droplet at a predetermined ejection speed. 
Then, either the drive voltage or the pulse Width, or both are 
changed, that is, increased or decreased, by an amount 
corresponding to changes in ejection speed caused by cross 
talk When all noZZles are driven simultaneously. 

In this Way, drive conditions for individual noZZles are 
determined according to the present invention by assuming 
that all noZZles Will be ?red simultaneously, Whether con 
secutively to print large section of a printing sheet, or 
intermittently to print vertical straight lines. This enables to 
take the effects of cross-talk on predetermined noZZles, 
particularly noZZles near the center of a noZZle roW, into 
account When determining the drive conditions. Therefore, 
quality Of printing performed When all noZZles in a roW are 
simultaneously driven, that is, Whether consecutively or 
intermittently, is superior to the quality of conventional 
printing as in?uenced by cross-talk. It should be noted that 
When noZZles are driven individually using drive conditions 
determined based on simultaneous drive, differences in 
ejection speed may result betWeen individual noZZles. 
HoWever, individual noZZles eject only extremely small 
amounts of ink, so any difference in ejection speed Will not 
produce a visible in?uence in the resultant print quality, even 
if ink droplets from individual noZZles impinge at positions 
slightly shifted from a desired impingement position. 

Next, determination of the drive conditions in the case of 
time division drive Will be described. During time division 
drive, each roW of noZZles is divided into noZZle groups, and 
the groups are driven to eject ink at shifted timing. For 
convenience sake, the folloWing description Will be pro 
vided for When noZZles in each noZZle roW is divided into 
tWo groups of odd-numbered and even-numbered noZZles. 
This drive method is called the odd-even time division drive 
method. HoWever, It should be noted that this should not be 
considered a limitation of the present invention. NoZZles in 
each noZZle roW can be divided in a different manner. 

In this eXample, each noZZle roW includes 32 noZZles as 
shoWn in FIG. 2. The noZZles are divided into tWo groups of 
16 noZZles of each. The even-numbered noZZles are driven 
?rst, and the odd-numbered noZZles are driven at a half cycle 
after the even-numbered noZZles are driven, Wherein the 
drive period is determined as the reciprocal number of the 
drive frequency. 
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It is conventional Wisdom that When noZZles are driven at 

time division, ejections by previously ?red noZZles do not 
adversary affect ejections from subsequently ?red noZZles. 
HoWever, in actuality, When noZZles are ?red during the 
same cycle, the previously ?red noZZles in?uence the sub 
sequently ?red noZZles and can cause defective ejections, 
reduced ejection speed, and other related problems. 
The drive conditions for time division drive according to 

the present invention are determined by driving all noZZles 
of each group simultaneously and adjusting the drive 
voltage, the drive pulse Width, or both required for indi 
vidual noZZles to eject ink droplets at the same predeter 
mined speed While all noZZles of each group are driven 
simultaneously. The same methods described above, such as 
stroboscopic observation, can be used for determining the 
drive conditions that enable all noZZles to eject droplets at 
the same ejection speed When all noZZles, that is, even 
numbered noZZles and odd-numbered noZZles, are ?red 
during the same cycle. 
Good effects are achieved using the above-described drive 

method for driving all odd- and even-numbered noZZles 
simultaneously. HoWever, droplets are sometimes ejected at 
speeds that differ depending on Whether selected noZZles are 
simultaneously driven or all noZZles are driven simulta 
neously. According to the present invention, the folloWing 
measures can be taken to avoid this problem. 

When determining the folloWing measures, it Was 
assumed that the speed of ejected droplets is different When 
adjacent noZZles or every other noZZle are driven simulta 
neously from When selected noZZles are driven simulta 
neously. It Was also assumed that this difference is caused by 
vibration that propagates through the ink, the pieZoelectric 
element, and the diaphragm When more than one noZZle are 
driven simultaneously, but that is not present When noZZles 
are driven individually. The present inventors thought that 
perhaps by applying a certain amount of voltage to noZZles 
that do not eject droplets, the resultant oscillation of the 
pieZoelectric element and the meniscus could be used to 
reduce the difference in ejection speeds achieved When 
driving individual noZZles separately and all noZZles simul 
taneously. 

It Was determined that the difference betWeen ejection 
speeds achieved by simultaneous and separate drive of 
noZZles can be reduced by driving noZZles that are not to 
eject droplets, that is, noZZles that have no print duty, at a 
voltage of 50—75% of the minimum voltage required for 
ejection of droplets. Additionally, the noZZles With no print 
duty are driven at the maXimum drive frequency of the 
device, for eXample, the frequency of the printing device 
When all noZZles of the print head are driven simultaneously 
and consecutively. On the other hand, noZZles that eject 
droplets are driven using drive conditions determined as 
described above by adjusting drive conditions When all 
noZZles are ?red simultaneously. 

Next, a description Will be provided for a method of 
determining an actual drive voltage. First, the minimum 
ejection voltage Will be described. When voltage applied to 
a noZZle is incrementally increased, then the noZZle Will start 
ejecting ink once a particular voltage is reached. This is 
considered the minimum ejection voltage. In this eXample, 
it Will be assumed that the minimum ejection voltage for a 
particular noZZle is about 20V. Only the particular noZZle 
Was driven to eject an ink droplet by applying the voltage 
determined as described above, that is, to achieve a uniform 
ejection speed When all noZZles are driven simultaneously 
The remaining noZZles, that is, the remaining 31 of the total 
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32 nozzles, Were driven using What Will be referred to as 
dummy drive hereinafter. During dummy drive, a voltage 
that does not induce ejection is applied at the maximum 
drive frequency of the printer. To determine the optimum 
dummy drive voltage, ?rst, 25% of the minimum ejection 
voltage, that is, 5V in the present example, Was applied to 
the non-ejecting noZZles using dummy drive. Then, the 
dummy drive voltage Was changed from 25% to 50%, and 
than to 75% of the minimum ejection voltage. When the 
dummy drive voltage Was increased to greater the a 75% of 
the minimum ejection voltage, it Was observed that noZZles 
driven in this manner leaked ink, ejected ink, or otherWise 
adversely affected print quality. 

FIG. 5 shoWs the results of these tests for determining the 
optimum dummy drive voltage. The axis of abscissas indi 
cates the applied dummy voltage and the axis of ordinates 
represents the ratio of ejection speed When a particular 
noZZle is ?red to When all noZZles are ?red. As can be seen 
in FIG. 5, When the dummy voltage is loW, betWeen 0 and 
25%, ejection speed achieved When selected noZZles are 
?red simultaneously is much higher than When all noZZles 
are ?red simultaneously. The in?uence of cross-talk remains 
even if the non-ejected noZZles are dummy driven. 
Therefore, a head drive environment that is the same as 
When all noZZles are driven simultaneously can not be 
properly maintained. 
On the other hand, When the dummy drive voltage is 

increased to 50% or 75% of the minimum ejection voltage, 
the ejection speed achieved When individual noZZles are 
driven simultaneously approaches the ejection speed 
achieved When all noZZles are driven simultaneously. It Was 
found that When the dummy drive voltage Was increased too 
greatly, ink accumulated on the noZZle plate, erroneously 
ejections occur, and there Was a possibility that a noZZle that 
Was dummy driven Would not subsequently eject a droplet 
When later needed. As can be aeon from FIG. 5, the optimum 
dummy drive voltage is betWeen 50 and 75% of the mini 
mum ejection voltage. 
A line can also be printed as shoWn in FIG. 7 When 

simultaneously driving all noZZles in a noZZle roW once 
using drive conditions determined in this manner. As can be 
seen, all of the dots resulting from ejected ink droplets are 
printed in a straight line. Undesirable shift in impingement 
position Was reduced even When one or a feW noZZles Were 

?red. 

FIG. 8 shoWs an arrangement of a control circuit for 
changing a drive voltage to be applied to a pieZoelectric 
element. FIG. 9 illustrates the relationship betWeen the drive 
voltage and the control pulse applied to the control circuit 
shoWn in FIG. 8. As shoWn in FIG. 8, the control circuit 
includes a basic drive Waveform generating circuit 20 and a 
controller 21. Connected to the output of the controller 21 
are a plurality or transistors 221 through 22” provided in 
one-to-one correspondence With the plurality of pieZoelec 
tric elements 41 through 4”. The pieZoelectric element 41 is 
connected across the collector and the emitter of the corre 
sponding transistor 221. The remaining pieZoelectric ele 
ments 42 through 4” are connected in the similar fashion. 
The basic drive Waveform generating circuit 20 is connected 
to each of the pieZoelectric elements 41 through 4” through 
corresponding diodes 241 through 24”. 

In operation, the basic drive Waveform generating circuit 
20 generates a ?xed Waveform Tf indicated by a dotted line 
in FIG. 9. The controller 21 outputs discharge control pulses 
Td to the transistors 221through 22”. The pulse Width of the 
discharge control pulses Td can be changed separately. In 

10 

15 

25 

45 

55 

65 

8 
coincidence With the timing at Which is the Waveform Tf 
falls, the controller 21 generates the discharge control pulses 
Td to render the corresponding transistors conductive. Dur 
ing the discharge control pulses Td are high, the drive 
voltage VPZT applied to the pieZoelectric element increases 
gradually, thereby deforming the pieZoeleotric element. In 
coincidence With the falling edge of the discharge control 
pulse Td, the transistor 221 is rendered non-conductive and 
accordingly the voltage applied to the pieZoelectric element 
is held constant (Tp), so that the deformed condition of the 
pieZoelectric element is maintained. When the voltage level 
of the basic drive Waveform Tf exceeds the voltage level Tp, 
the drive voltage VPZT applied to the pieZoelectric element 
starts decreasing. At this timing, the pieZoelectric elements 
starts reverting to the original state and ejects ink droplet 
from the corresponding noZZle. 
As described, by adjusting the pulse Width of the dis 

charge control pulse, the drive voltage to be applied to the 
pieZoelectric element can be changed. 

While exemplary embodiments of this invention have 
been described in detail, those skilled in the art Will recog 
niZe that there are many possible modi?cations and varia 
tions Which may be made in these exemplary embodiments 
While yet retaining many of the novel features and advan 
tages of the invention. Accordingly, all such modi?cations 
and variations are intended to be included Within the scope 
of the appended claims. 
What is claimed is: 
1. A drive voltage adjusting method for an on-demand 

multi-noZZle ink jet head including a plurality of ink cham 
bers ?lling ink therein, said plurality of ink chambers being 
de?ned by a noZZle plate formed With a plurality of noZZles 
in one-to-one correspondence With said plurality of ink 
chambers, and a plurality of pieZoelectric elements provided 
in one-to-one correspondence With said plurality of ink 
chambers, each of said plurality of pieZoelectric elements 
being deformed When a drive pulse is applied thereto, 
thereby varying pressure in a corresponding ink chamber 
and ejecting an ink droplet from a corresponding noZZle, the 
method comprising the steps of: 

(a) applying a drive pulse to all pieZoelectric elements 
selected from said plurality of pieZoelectric elements to 
eject ink droplets from corresponding noZZles; and 

(b) individually adjusting the drive pulse applied to the 
selected pieZoelectric elements so that said correspond 
ing noZZles eject ink droplets at the same speed When 
said corresponding noZZles are driven simultaneously, 
the drive pulse being de?ned by a pulse Width and a 
level. 

2. The method according to claim 1, Wherein said plurality 
of noZZles are arranged tWo-dimensionally and said corre 
sponding noZZles are aligned in a roW. 

3. The method according to claim 2, Wherein step (b) 
comprises adjusting the pulse Width of the drive pulse. 

4. The method according to claim 2, Wherein step (b) 
comprises adjusting the level of the drive pulse. 

5. The method according to claim 3, Wherein step (b) 
further comprises adjusting the level of the drive pulse. 

6. The method according to claim 1, further comprising 
the step of (c) photographing the ink droplets ejected from 
said corresponding noZZles after implementing step (a), 
Wherein step (b) is implemented While referring to a pho 
tograph taken in step 

7. The method according to claim 6, Wherein step (c) uses 
a microscope. 

8. The method according to claim 6, Wherein step (c) uses 
a stroboscope. 
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9. The method according to claim 1, wherein step (b) is 
implemented While referring to print results obtained upon 
implementing step (a). 

10. A drive voltage adjusting method for an on-demand 
multi-noZZle ink jet head including a plurality of ink cham 
bers ?lling ink therein, said plurality of ink chambers being 
de?ned by a noZZle plate formed With a plurality of noZZles 
in one-to-one correspondence With said plurality of ink 
chambers, said plurality of noZZles being arranged tWo 
dimensionally Wherein noZZles aligned in roW are divided 
into a plurality of groups, the noZZles being driven in time 
division on a group basis, each of said plurality of pieZo 
electric elements being deformed When a drive pulse is 
applied thereto, thereby varying pressure in a corresponding 
ink chamber and ejecting an ink droplet from a correspond 
ing noZZle, the method comprising the steps of: 

(a) applying a drive pulse to pieZoelectric elements 
belonging to the same group to eject ink droplets from 
corresponding noZZles; and 

(b) individually adjusting the drive pulse applied to the 
pieZoelectric elements in the same group so that said 
corresponding noZZles eject ink droplets at the same 
speed When said corresponding noZZles are driven 
simultaneously, the drive pulse being de?ned by a pulse 
Width and a level. 

11. The method according to claim 10, further comprising 
the steps of (c) setting a dummy drive voltage applied to 
pieZoelectric elements in the same group Which are not 
driven during printing, the dummy drive voltage having a 
voltage level in a range from 50 to 75% of a minimum 
voltage for ejecting an ink droplet. 

12. The method according to claim 10, Wherein consecu 
tively numbered pieZoelectric elements aligned in a roW are 
divided into an odd-numbered group and an even-numbered 
group, one of the odd-numbered group and the even 
numbered group being driven during a ?rst half period of a 
driving period determined by a driving frequency, and 
remaining one of the odd-numbered group and the even 
numbered group being driven during a second half period of 
the same driving period. 
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13. The method according to claim 10, Wherein step (b) 

comprises adjusting the pulse Width of the drive pulse. 
14. The method according to claim 13, Wherein step (b) 

further comprises adjusting the level of the drive pulse. 
15. The method according to claim 10, Wherein step (b) 

comprises adjusting the level of the drive pulse. 
16. The method according to claim 10, further comprising 

the step of (c) photographing the ink droplets ejected from 
said corresponding noZZles after implementing step (a), 
Wherein step (b) is implemented While referring to a pho 
tograph taken in step 

17. The method according to claim 16, Wherein step (c) 
uses a microscope. 

18. The method according to claim 16, Wherein step (c) 
uses a stroboscope. 

19. The method according to claim 10, Wherein step (b) is 
implemented While referring to print results obtained upon 
implementing step (a). 

20. A drive voltage adjusting method for an on-demand 
multi-noZZle ink jet head including a plurality of ink cham 
bers ?lling ink therein, said plurality of ink chambers being 
de?ned by a noZZle plate formed With a plurality of noZZles 
in one-to-one correspondence With said plurality of ink 
chambers, and a plurality of pieZoelectric elements provided 
in one-to-one correspondence With said plurality of ink 
chambers, each of said plurality of pieZoelectric elements 
being deformed When a drive pulse is applied thereto, 
thereby varying pressure in a corresponding ink chamber 
and ejecting an ink droplet from a corresponding noZZle, the 
method comprising the steps of: 

(a) applying a drive pulse to all pieZoelectric elements 
selected from said plurality of pieZoelectric elements to 
eject ink droplets from corresponding noZZles; and 

(b) individually adjusting the drive pulse applied to the 
selected pieZoelectric elements such that the drive pulse 
is set differently for the selected pieZoelectric elements 
so that said corresponding noZZles eject ink droplets at 
the same speed When said corresponding noZZles are 
driven simultaneously. 

* * * * * 


